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5 ABSTRACT
) The East Fork of Poplar Creek (EFPC), Poplar Creek (PC), and the Clinch

River (CR) below the mouth of Poplar Creek were found to be contaminated
j + 5059\ with mercury based on analyses and compamsons of Hg concentrations in
fish and sediments collected from these environs. Concentrations of l
total mercury (£ Hg) in muscle of all largemouth bass collected in Poplar
Creek in 1976 exceeded the FDA's proposed action level for Hg in fish of
0.5 ppm, and 95% of the I Hg in these fish was.in the methyl form. The
permitted level of intake by humans of largemouth bass from Poplar Creek
containing an average £ Hg concentration of 0.73 ppm, is calculated to be
40 g/day, based on the FDA recommended maximum intake level of methylmercury.
Largemouth bass weighing more than 200 g collected from the Clinch River at I
the mouth of Poplar Creek also contained I Hg concentrations in excess of
the FDA's proposed 1imit and data for this species indicate that I Hg levels
in the Clinch River are elevated 7 miles below the mouth of Poplar Creek
relative to concentrations in largemouth bass from Melton Hill Reservoir. I
Sediment data show that Bear Creek and East Fork of Poplar Creek are poten-
tial sources of the elevated Hg concentrations in Poplar Creek and the
Clinch River. Recommendations are given for further defining the sources
of Hg contamination in these streams and for examining the mechanisms and I
rates of Hg transport in the Poplar Creek-Clinch River system.
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Introduction
H

In 1974, fish, benthic invertebrates, and sediments were collected
from streams draining the Oak Ridge-ERDA Reservation and analyzed for

several heavy metals. This sampling and analysis was conducted to
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provide information for the environmental impact analysis of Oak Ridge-

ERDA Operations. Sediment samples collected at three locations in the

~ East Fork of Poplar Creek (EFPC) contained approximately 25 = 10 ppm
of mercury (+ 2 S.E., n = 13), while sediments in Poplar Creek (PC)

below the confluence with the East Fork of Poplar Creek contained an

average of 146 ppm (n = 7) (ERDA 1975a). Two sediment samples |

a“e

from the Clinch River (CR) below the mouth of Poplar Creek at Clinch
River Mile (CRM) 11.5 contained 17.3 and 51.9 ppm Hg. Mercury con-
centrations,in sediments from uncontaminated control streams fiowing
iﬁto the East Fork of Poplar Creek contained < 0.1 ppm (ERDA 1975a).
These sediment data indicated significant Hg contamination in the East
Fork of Poplar Creek, Poplar Creek, and the Clinch River below the
mouth of Poplar Creek. Further, muscle from seyeral fish, particu-

larly carp (Cyprinus carpio); collected in 1974 from the lower section

of Poplar Creek in the yicinity of the Oak Ridge Gaseous Diffusion
w " Plant (K-25) contained elevated levels of total mercury (z Hg) (ERDA
1975b) w1th.concentrat1ons in some fish exceeding the Food and Drug

Administration's (FDA) proposed action level for mercury in fish of

in the EFPC-PC~CR drainage and to establish the extent of contamination in .
fish from these environs, the Environmental Sciences Division at ORNL .

was requested by the Oak Ridge-ERDA Operations Office to collect

0.5 ppm (USDHEM ]974). To verify the apparent mercury contamination g‘

e E N

‘—-v-,‘\‘,‘v,;- R e e e
N PN



i N BN 0N B BN B = ==

—

fish from Poplar Creek and the Clinch River and to analyze these samples
for mercury. This report contains the results of these analyses and
provides comparative data for evaluating the degree of Hg contamina-

tion in these environs.

Methods

Fish were collected by electrofishing in May, June, and
October 1976. A1l fish were weighed, measured, and frozen on
dry ice. Samples were analyzed for I Hg by the Plant Laboratory
at Y-12. Axial muscle samples of approximately 5 g were removed
from each fish by cutting a rectangular section of the flesh, be-
ginning beneath the dorsal fin and extending ventrally down the
side. The skin was removed from all samples. In order to examine
intra-laboratory variation in whole analysis of Z Hg, duplicate
muscle samples were remoyed from the first 60 fish and each dupli-
cate was analyzed separately for I Hg. Dup]icat? samples were re-
moved from every fifth fish thereafter if the fish was suffic-
iently large to take two 5-g muscle samples. Results for fish
weighing < 15 g are based on whole-body analyses (i.e., entire
fish, excluding the skin and gastrointestinal tract). Huckabee
et al. (1974) reported no difference in T Hg concentration between
analyses of whole fish and axial muscle in fish samplies collected from
uncontaminated streams in the Great Smoky Mountains National Park.

This finding, however, needs statistical confirmation for fish collected

from areas contaminated with mercury.
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Samples of fish muscle were dig?sted using a perchloric acid
dissolution procedure (Feldman 1974), and the resulting solutions

were analyzed for I Hg by flameless (cold-vapor) atomic absorption
spectrophotometry (AAS) (Feldman 1972). To examine inter-laboratory
variation in whole analysis for I Hg, dup]icaté—%usc]e samples were
removed from ten fish collected in Poplar Creek (PC-1) and were analyzed
for £ Hg at Y-12 and at the Analytical Laboratory at ORNL using flame-"
less AAS (i.e., one duplicate from each fish was analyzed at Y-12 and
the other at X-10). In addition, muscle samples from each of these

ten fish were analyzed for methylmercury (MeHg) at ORNL using ; gas
chromatographic method with a microwave emission spectrohetric detector
(Talmi 1975).

-To examine total procedural accuracy for I Hg analysis, eight
samples of bovine liver reference material certified by the National
Bureau of Standards were analyzed at Y-12. All concentrations of
£ Hg in fish muscle reported herein are on.a part per million (ppm)
fresh-weight basis. _

RBottom sediments from Poplar Creek and the Clinch River were
sampled for mercury analysis in July 1974 and in both July and November
of 1925 and 1926 by the Environmental Management Group at the ORGDP.
Sediment core samples were collected with a gravity corer from Poplar
Creek Mile (PCM) O to PCM 5 and in the West Fork of Poplar Creek from
approximately PCM 5.3 to PCM 10. Sediment samples from the Clinch River
were collected upstream of the mouth of Poplar Creek from CRM 12.4 to

13.5. Qne sediment sample was collected below the mouth of Poplar

Creek in November, 1976 at CRM 11 (Fig. 2). The upper 12 to 15 cm of
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sediment from each core was sent to the Chemical Analysis Department in
H

the Technical Services Division at ORGDP where it was wet sieved through

No. 50-mesh screen (297-u mesh opening). The < 297-p size fraction was

then dried in a steam oven at 80°C and 80 mg aliquots were analyzed for
Hg using a Jarrell-Ash Emmission Mass Spectrograph (éﬁé) with a D.C. arc.
Detection 1limits for this sample size was 0.01 ug Hg. The analytical
precision of EMS is estimated to be no better than -50 to + 100%.
Replicate analyses of sediment samples were not conducted however, so

a direct estimate of analytical precision for sediment samples analyzed
by this method is not available. A1l sediment concentrations for Hg

reported herein are on a part—per-mi]lioﬁ (ppm) dry-weight basis.

Sampling Locations

Fish were collected from eight sampling areas, including the
Clinch River above and below the mouth of Poplar Creek, Melton Hill
Reservoir, and Poplar Creek below the confluence with the East Fork
of Poplar Creek. Locations of the eight sampling areas are as follows:

1. Melton Hi1l Reservoir (MH).--These samples were collected
in Melton Hi11 in the vicinity of CRM 33. As a point of reference,
this sampling area is in the vicinity of the Experimental Gas-Cooled
Reactor (EGCR) (Fig. 1).

2. Clinch River (CR-1).--These samples were collected in the
Clinch River from the confluence with the Emory River (approximately
CRM 4.5) upstream to CRM 5.5 (Fig. 2).

3. Clinch River (CR-2).--These samples were collected in the

Clinch River from CRM 9.5 to CRM 10.5 (Fig. 2).

-



ORNL-DWG 76-6683R

)
& S
NS
& =
)
}
\?
)
)
EGCRe A
XCAM 33
+CRM 32
+C RM 3¢
CRM 35+
4
CRM 30

¢/ 1 2
t ! )

MILES

Fig. 1. Section of Melton Hill Reservoir showing the location of
control sampling area MH (shaded area) near the Experimental Gas-Cooled
Reactor (EGCR).
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Fig. 2. Sampling locations for fish in Poplar Creek (PC) and the
Clinch River (CR). .




was 11.2 £+ 2.8% (2 S.E., n= 104), the C.V. ranging from O to 87.7%.
In comparison, the average C.V. for the ten inter-laboratory replicates
(i.e., one duplicate analyzed at X-10 and the other at Y-12) was

11.4 + 4.0% (range, 2 to 18%). These results indicate both rela-
tively good intra-laboratory precision for I Hg analysis in fish
muscle by the Plant Laboratory at Y-12 and good infﬁi:laboratory

precision between the analytical laboratories at X-10 and Y-12.

7

4. Clinch River (CR-3).--Samples were collected in the Clinch
River from CRM 10.5 to CRM 11.5 (Fig. 2).

5. Clinch River (CR-4).--Samples were collected in the Clinch
River at the mouth of Poplar Creek at CRM 12 (Fig. 2).

6. Clinch River (CR-5).--Samples were collected in the Clinch
River above the mouth of Poplar Creek from CRM 12.4 to CRM 13.5
(Fig. 2).

7. Poplar Creek (PC-1).--Samples were collected in Poplar
Creek from the mouth (PCM 0) upstream to Blair Bridge located at
approximately PCM 4.5 (Fig. 2).

8. Poplar Creek (PC-2).--Samples were collected in Poplar
Creek from Blair Bridge upstream to the confluence with the East
Fork of Poplar Creek (Fig. 2).

Results and Discussion |
Analytical Precision, Accuracy, and Sensitivi;x
Analytical precision of I Hg determinations in fish muscle as
. measured by the average coefficient of variation (C.v.) of all intra-
laboratory replicate analyses (i.e., whole analysis of duplicate
muscle samples removed from fish and each analyzed for I Hg at Y-12)
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The analytical accuracy of £ Hg analysis given in this report
is based on whole analysis of eight NBS bo;ine liver standards con-
taining reference concentrations of 0.02 ppm £ Hg. Reported concen-
trations of £ Hg in all eight of the NBS standards analyzed at Y-12
was 0.02 ppm, indicating unusually high analytical accuracy However,
because the reference concentrations were known to the analytical
chemist prior to the analysis for I Hg (R. Morrow, personal communica-
tion) and the average total-procedural precision for analyses of
duplicate samples of fish muscle by the Plant Laboratory at Y-12
was + 11%, these results probably do not provide a reliable measure
of analytical accuracy for I Hg in samples containing unknown concen-

trations. The analytical sensitivity for I Hg in fish muscle using

flameless AAS was 0.01 ppm.

Mercury Concentrations in Bluegill and Largemouth Bass

The relationship between I Hg concentration in axial muscle and
fish size was analyzed by species for each of the eight sampling
areas. Linear, semi-log and log-log regressions of I Hg concentration
in muscle on fish weight were calculated by species for each sampling
location. Based on an'ana1ysis of these regressions, it was determined
that the log-log transformations generally produced the best linear
fits to the data (i.e., resulted in the highest correlation coeffic;
ients between I Hg level and fish weight). Therefore, all regression
analyses of the concentrétion—size relationships were.done using log-
log transformations. When less than five individuals of a species
were collected in a sampling area the concentration-size relationship

was not examined and the mean I Hg concentration of these individuals




was calculated. Bluegill (Lepomis macrochirus) and largemouth bass

(Micropterus salmoides) were the only species collected in sufficient

number (i.e., n > 5) to analyze the concentration-size relationship
for most sampling areas.

Statistically significant log-log regression (slope > 0 for P
< 0.10) described by the relationship In ¥ = by + by In X, where ¥ is
T Hg concentration in axial muscle in ppm (fresh weight), b0 is the
intercept of the regression, b] js the slope of the regression, and X
ijs fish weight in grams, were found for bluegill from sampling areas
M4, PC-1, PC-2, CR-1, and CR-2 (Figs. 3,4.5, and 6). Regressions for
bluegl11 collected at PC-1 and PC-2 ‘were not significantly different
from each other (P > 0.10), so data from these two sampling areas were
combined (Fig. 4).- Slopes of regressions for bluegill collected in

! the other areas were not significantly di fferent from zero (P > 0.10),

i.e.; L Hg concentration was independent of fish size over the range of

sizes analyzed. - .

Significant log-log regression of I Hg concentration on weight of

and CR-5 (Figs. 7, 8, 9, and 10). Slopes of regressions for Jargemouth
bass from the other sampling areas were not significantly different
from zero (P > 0.10). Only one largemouth bass was collected at PC-2
and, because its I Hg concentration was similar to that of comparable
sized largemouth bass collected at PC-1, data for this species at PC-1
and PC-2 were comb1ned. Results for bluegill and largemouth bass
collected in the two samp]ing areas of Poplar Creek (pC-1 and PC-2) are

referred to hereafte§ as PC-C (Poplar Creek-combined).

largemouth bass {slope > 0 for P < 0.10) were found at CR-2, CR-3, CR-4, l

7 DR L ¥ . - - - - - - - -
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l Fig. 3. Concentration-body weight relationship for I Hg in axial I
muscle of bluegill in Melton Hill Reservoir (samphng area MH). 1In
Y = -6.30 (+ 0.81) + 0.73 (+ 0.22) In X. Values in parentheses are
l standard errors of the calculated regression coefficients, upper and I
lower lines are the approximate 95% confidence limits on the estimated
I regression line.
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Fig. 4. Concentration-body weight relationship for I Hg in axial
muscle of bluegill in Poplar Creek (stations PC-1 and PC-2 combined).
In Y = 2.53 (¢ 0.39) + £0.10) In X. Values in parentheses are stand-
ard errors of the calculated regression coefficients, upper and lower
lines are the approximate 95% confidence limits on the estimated
regression line. -




Fig. 5. Concentration-body weight relationship for £ Hg in axial
muscle of bluegill in the Clinch River at CR-1. InY = -5.31 (¢ 1.02)
+ 0.47 (£ 0.25) In X. Values in parentheses are standard errors of the
calculated regression coefficients, upper and lower lines are the
approximate 95% confidence 1imits on the estimated regression line.
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Fig. 6. Concentration-body weight relationship for I Hg in axial
muscle of bluegill in the Clinch River at CR-2. 1In Y = -3.47 (x 0.47)
‘+ 0.25 (= 0.13) In X. Values in parentheses are standard errors of the
calculated regression coefficients, upper and lower lines are the
approximate 95% confidence 1limits on the estimated regression line.
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Fig. 7. Concentration-body weight relationship for & Hg in axial

= -6.90

the calculated regression coefficients, upper and lower lines are the
approximate 95% confidence limits on the estimated regression line.
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Fig. 8. Concentration-body weight relationship for I Hg in axial
muscle of largemouth bass in the Clinch River at CR-3. 1In Y = -2.21
(+ 0.16) + 0.15 (+ 0.03) In X. Values in parentheses are standard errors
of the calculated regression coefficients, upper and lower lines are the
approximate 95% confidence limits on the estimated regression Tine.
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Fig. 9. Concentration-body weight relationship for % Hg in axial
muscle of largemouth bass in the Clinch River at CR-4. 1In Y = -1.73
(+ 0.21) + 0.21 (+ 0.04) In X. Values in parentheses are standard
errors of the calculated regression coefficients, upper and Tower
lines are the approximate 95% confidence 1imits on the estimated

regression line.
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Fig. 10. Concentration-body weight relationship for I Hg in axial
muscle of largemouth bass in the Clinch River at CR-5. -3.75
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approximate 95% confidence 1limits on the estimated regression line.
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Although the £ Hg concentration body weight regressions for
largemouth bass and bluegill were not sta%istica]iy significant for
all sampling locations, all slopes were positive except for bluegill
at CR-5. These results thus tend to support the generally observed
relationship of increasing I Hg concentration with igtreasing fish
size (e.g., Bache et al. 1971, Olsson 1976, Anderson and Smith 1977).
The fact that the regressions for some species in certain sampling
locations was not statistically significant may be due to one or more
factors which could obscure the £ Hg concentration-body weight relation-
ship. Olsson (1976), for example, found significant differences in the
£ Hg concentration-size relationship between male and female northern
pike (males had higher I Hg concentrations than females) from a contami-
nated lake in central Sweden. In this study, sex of the fish was not
determined so samples of each species were not separated into classes
according to sex. The effect of combining data for males and females
thus may have been to obscure some significant’concentration-size
relationships. Other possible reasons for the lack of significant
correlations in some sampling areas include variation in mercury con-
centrations in other components of the environment (sediments, food,
water) from which fish accumulate some fraction of their body burden,
movement of fish into and out of areas contaminated with mercury such
as Poplar Creek and the mouth of Poplar Creek, and an inability to
descriminate (analytically) concentrat%on differences at léw (< 0.01 ppm)
Hg leyels.

To compare levels of Hg in each species by sampling area,
I Hg concentrations in a 275-g largemouth bass (approximate total

length of 27 cm) and a 120-g bluegill (approximate total length of




" == BN BN BN = Em B m == ==

19

18 cm) were calculated using the log-log regressions in Figs. 3
through 10. Although the fish sizes selected for comparison are
arbitrary, they are typical-sized largemouth bass and bluegill which
would be saved by sport fishermen for consumption. For those sampling

locations in which the concentration-size relationship was not statis-

tically significant (i.e., six out of a total of 15 regressions tested),

the mean concentration of all bass and/or bluegill collected in the
respective areas was calculated for comparison (i.e., £ Hg concentra-
tion in fish muscle was assumed to be independent of fish weight in

these sampling areas).

ns of estimated T Hg levels in muscle of 275-g largemouth
11 and 12,

Compariso
bass and 120-g bluegill by sampling area are shown in Figs.
respectively. Estimated concentrations in both species are elevated
in Poplar Creek and in the Clinch River relative to concentrations in
the same species in Melton Hi1l Reservoir (M{). AN largemouth bass
collected in PC-C exceeded the FDA's proposeq action level for Hg in
fish] (see footnote on pg. 55) with an average measured concentration of

0.73 + 0.14 ppm (£ 2 S.E.) and a range of 0.50 to 1.17 ppm. In comparison,

the average I Hg concentration in largemouth bass from MH was 0.02 £ 0.01

ppm and ranged from < 0.01 to 0.05 ppm. Results for largemouth bass

jndicate that I Hg concentrations are elevated 7 miles below the mouth

of Poplar Creek relative to concentrations in the same species collected

in Melton Hill Reservoir (Fig. 11). Concentrations of £ Hg in Targe-

mouth bass weighing more than 200 g (total length of 25 cm) collected

at CR-4 also exceed the FDA's proposed action level for I Hg in fish

(Fig. 9).
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Fig. 11. Comparison of estimated mean I Hg concentrations in axial
muscle of 275-g largemouth bass (+ approximate 95% confidence limits on
the calculated means) at various locations in the Clinch River above and
below the mouth of Poplar Creek. Estimated mean concentrations (* 95%
C.L.) in largemouth bass from Melton Hill Reservoir, and Poplar Creek
are also shown for comparison.
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While bluegill collected in PC-C and in the Clinch River at CR-2,
CR-3, CR-4, and CR-5 contain elevated concentrations of I Hg relative
to bluegill in MH (Fig. 12), only some of the larger (> 50 g) bluegill
collected in PC-C exceed the FDA's proposed limit of 0.5 ppm (Fig. 4).
The higher concentrations of I Hg in largemouth bass compared to bluegill,
particularly at PC-C and CR-4, may be due to size or age differences
Between individuals of these two species, differences in rates at which
mercury is absorbed and/or excreted, or to differences in I Hag concentra-
tions sources from which these two species acquire their body burden of
mercury. To normalize for age as a variable, I Hg concentration
in 2-year-old largemouth bass and bluegill from each of the seven
sampling areas was calculated (Table 1). The average weight of a
2-year-old largemouth. bass and bluegill was estimated to be 210 and
118 g, respectively, based on reported age-size relationships for
these two species from reservoirs in eastern Tennessee (Kolehmainen
and Nelson 1969, Chance et al. 1975). ]
Results of.the between-species comparison of fish of the same
age show that in MH, 2-year-old bluegill are estimated to contain
significantly greater (P < 0.10) concentrations of T Hg in axial
muscle than are largemouth bass (Table 1). With the exception of
CR-2 and CR-5, however, estimated I Hg concentrations in 2-year-old
largemouth bass were significantly greater (P < 0.10) than in blue-
gill of the same age in the other four sampling areas. Average
calculated concentrations in 2-year-old largemouth bass at CR-5
were greater than bluegill by a féctor of 2, but the difference was
not statistically signifiéant (P > 0.10). The significantly greater

concentration of £ Hg in bluegill relative to largemouth bass at MH

=
i ST T A
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calculated means) at various locations in the Clinch River above and below
the mouth of Poplar Creek. Estimated mean concentrations (+ 95% C.L.) in
b]ueg111 from Melton Hill Reservoir, and Poplar Creek are also shown for
comparison.
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Table 1. Test of differences in calculated mean concentrations of I Hg in axial muscle of
a 2-year-old largemouth bass (average weight, 210 g and bluegill (average weight,
118 g) in the seven sampling areas. Values in parentheses are approximate 95%
-confidence 1imits (C.L.) on the calculated means.

- ppm I Hg (95% C.L.)

- Concentration
Sampling area Bluegill Largemouth bass ratio (bass:bluegill) Significance
MH(Melton Hill) 0.05(0.03 - 0.10) 0.02(0.01 - 0.03) 0.4 0.05°
- CR-1(Clinch River) 0.05(0.03 - 0.08) 0.13(0.10 - 0.16) 2.6 0.05%
CR-2(Clinch River) 0.10(0.07 - 0.15) 0.09(0.05 - 0.19) 0.9 n.s.b
CR-3(Clinch River) 0.13(0.09 - 0.17) 0.24(0.22 - 0.27) 1.8 0.05°
CR-4(C1inch River) 0.23(0.13 - 0.33) 0.54(0.47 - 0.62) 2.4 0.052
CR-5{Clinch River) 0.10(0.06 - 0.14) 0.19(0.12 - 0.31) 1.9 n.s.b
PC-C(Poplar Creek) 0.40(0.32 - 0.51) 0.73(0.59 - 0.87) 1.8 0.052

34ean concentrations in the two species are statistically different (P < 0.10).

bCalculated mean concentrations are not statistically different (P > 0.10).
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may be due to the fact that a small size range of largemouth bass
was collected in Melton Hill compared to the size range of this
species collected in the other six sampling areas. Also, several

of the largemouth bass and bluegill collected in MH had I Hg concen-
trations below the detection Timit of 0.01 ppm. Concentration of

£ Hg in these fish, however, was assumed to be 0.01 ppm when the
concentration-size relationship was examined. The effect of this
assumption may have been to obscure significant £ Ha concentration-
size relationships for these two species in MH, resulting in an
underestimate of the £ Ho concentrations in 2-year-old fish collected
in this sampling area. ‘

With the exception of results at MH and CR-2, data in Table 1
indicate that concentrations of I Hg in axial muscle of 2-year-old
largemouth bass are significantly greater than in bluegill of the
same age; the average concentration ratio of largemouth bass to
bluegill for CR-1, CR-3, CR-4, and PC-C is 2.2+ 0.4. This differ-
ence in & Hg concentrations between the two species could be due to
differences in size and/or feeding habits. To normalize for size
as a variable, £ Hg concentrations in muscle were calculated for a
118-g largemouth bass and biuegill in each of the seven sampling
areas (Table 2). Ignoring the results at MH for the reasons dis-
cussed previously, data in Table 2 show that 118-g largemouth bass
contain significantly greater (P < 0.05) concentrations of I Hg
than bluegill of the same size (but which are older than 118-g
Jargemouth bass) at four of the six sampling areas. The average
concentration ratio of largemouth bass to bluegill weighing 118 g

from these four areas is 2.0 = 0.4.

. .




Table 2. Test of differences in calculated mean concentrations of I Hg in axial muscle of
a2 118-g largemouth bass and bluegill in the seven sampiing areas. Values in
parentheses are the approximate 95% confidence limits {C.L.) on the calculated

means.

ppm £ Hg (95% C.L.) )

. . Concentration l

Sampling area Bluegill Largemouth bass ratio (bass:bluegill) Significance -

MH(Melton Hi1l) 0.05(0.03 - 0.10) 0.02(0.01 - 0.03) 0.4 0.052
CR-1(Clinch River) 0.05(0.03 - 0.08) 0.13{0.10 - 0.16) 2.6 0.052
CR-2(Clinch River) 0.10(0.07 - 0.15) 0.06(0.02 - 0.15) 0.6 n.s.b
CR-3(Clinch River) 0.13(0.09 - 0.17) 0.22(0.20 - 0.24) 1.7 0.05%
CR-4(Clinch River) 0.23(0.13 - 0.33) 0.48(0.42 - 0.54) 2.1 0.05%
CR-5(Clinch River) 0.10(0.06 - 0.14) 0.15(0.09 - 0.26) 1.5 n.s.b
PC-C{Poplar Creek) 0.40(0.32 - 0.51) 0.73(0.59 - 0.87) 1.8 0.05%

3Mean concentrations in the two species are significantly different (P < 0.05).

bMean concentrations are not significantly different (P > 0.05).
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‘To examine whether the significantly greater concentration of
£ Hg in largemouth bass compared to bluegill in most of the sampling
locations was a result of a greater rate of accumulation, as estimated
by slopes of the log-log regressions, a test was made to determine if
the estimated slopes for the two species at each site differed sig-
nificantly. Results show that except for PC-C where the slope was
significantly greater for bluegill than for largemouth bass, the
estimated rates of Hg accumulation are not significantly different
between the two species (Table 3). This suggests that the difference
in £ Hg levels between these species observed in most sampling
locations is manifested in earlier stages of the 1ife history (e.g.,
eggs, fry., fingerlings) which were not sampled and analyzed in this
study. With the higher concentrations of £ Hg in Targemouth bass,
it is not unreasonable to expect that the ovaries in this species
would also contain proportionally higher concentrations relative
" to bluegill which would be passed on to the next generation. Thus,
a concentration difference in embryos of these two species would be
established. McKim et al. (1976) found that a considerable amount
of mercury was passed from the parents to the eggs of brook trout
chronically exposed over three generations to methylmercuric chloride.
His results show that the concentration in the embryos was proportional
to the concentration of Hg in water and that the concentration differ-
ence between treatments was maintained in the eags, embryos, and adults
through three generations. The factor(s) initially producing thé

concentration differences between largemouth bass and bluegill ob-

served in this study is unknown but may be a result of differences
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Table 3. Comparison of estimated slopes (+ standard error) of log-log
: regressions of I Hg concentration in muscie on body weight
of largemouth bass and bluegill in the Clinch River, Melton
Hi1l Reservoir, and Poplar Creek. Values in parentheses are
sample sizes.

Sampling

Location Bluegill iargemouth bass Significance
CR-1 0.47 + 0.25(18) 0.06 * 0.12(11) n.s.’
CR-2 0.25 + 0.13(14) 0.85 + 0.34(8) n.s.2
CR-3 0.11 *+ 0.16(20) 0.15 + 0.03(7) n.s.?
CR-4 0.46 + 0.53(16) 0.21 + 0.04(5) n.s.2
CR-5 -0.09 * 0.32(15) 0.39 * 0.17(11) n.s.2

MH 0.71 + 0.22(18) 0.26 + 0.43(11) n.s.?
PC-C 0.34 + 0.10(50) 0.03 * 0.09(8) 0.05°

aS]opes not significantly different from each other (P > 0.10).

bS]opes significantly different (P < 0.05).

-
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in exposure times to mercury in thé environment. Largemouth bass
tend to be a longer-lived species than bluegill and thus are exposed
longer to their environment. The difference may also be a result of
a greater concentration in the source(s) of mercury from which large-
mouth bass accumulate their body burden. Although both species of
fish are predators, largemouth bass are primarily piscivorous (fish
eaters) whereas bluegill tend to feed predom1nant1y on benthic

invertebrates.

Total Mercury in Other Fish Species

Several other fish species were collected in the eight sampling
areas and analyzed for I Hg. Results for fish collected at PC-1
and PC-2 were combined (PC-C). Sample size for individual species

in many of the sampling areas was jnadequate to analyze the

of £ Hg concentration on fish weight (slope > 0 for P < O. 10) were
found, however, for suckers (Catostomus spp. ) at CR-2 and CR-5

(Figs. 13 and 14) and for white crappie (Pomoxis annularis) at CR-5

(Fig. 15). Concentration-size relationships were not significantly

different from zero for carp (Cyprinus carp1o) at MH, CR-5, and

PC-C, or for suckers at CR-3 and PC-C.
A comparison of I Ha concentration by species and sampling
area is shown in Table 4. Results for most species show the same
trend as that observed for bluegill and largemouth bass (Figs. 11
and 12), i.e., elevated concentrations in fish from PC-C and CR-4
relative to concentrations in fish collected from the other samp-
ling areas. Concentrations of I Hg in several fish collected in

PC-C and CR-4 exceeded the FDA's proposed limit of 0.5 ppm I Hg.

concentration-size relationship. Significant log-log regressions I
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Fig. 13. Concentration-body weight relation for I Hg in axial
muscle of suckers (Catestomus spp.) at CR-2. 1In Y = -13.50 (+ 3.15)
+ 1.79 (= 0.49) In X. Values in parentheses are standard errors of
the regression coefficients, upper and lower lines are the approximate
95% confidence limits on the estimated regression line.
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Fig. 14. Concentration-body weight relationship for I Hg in axial
muscle of suckers (Catostomus spp.) at CR-5. 1n Y = -15.00 {+ 2.25)
+ 2.04 (£ 0.39) In X. Values 1in parentheses are standard errors of the
regression coefficients, upper and lower 1ines are the approximate 95%
confidence limits on the estimated regression line.
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~ Fig. 15. Concentration-body weight relationship for £ Hg in axial
muscle of white crappie at CR-5. In Y = -4.66 (+ 0.90) + 0.51 (¢ 0.21)
Tn X. Values in parentheses are standard errors of the regression
coefficients, upper and lower lines are the approximate 95% confidence
limits on the estimated regression line.
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Table 4.

Melton Hill Reservoir (MH), and Poplar Creek (PC), ppm fresh weight.
parentheses are approximate 95% confidence limits (C.L.) on the calculated means.

Mean concentrations of I Hg in axial muscle of fish from the Clinch River (CR),
Values in

Sampling area

.

Carp

Bigmouth buffalo

Suckers

¥Yhite crappie

MH

CR-1

CR-2

CR-3

CR-4

CR-5

PC-C

0.11 + 0.06(0.05-0.17)
n=6

0.15 + 0.11(0.14-0.26)
n =2

0.27 = 0.12(0.15-0.39)
na=4

0.07, n=1
0.34 + 0.16(0.18-0.50)

0.2 0.03(0.17-0.23)

a .
n
(L TS

0.23(0.25-0.71)

0.12 + 0.08(0.04-0.20)
n=2

0.61, n = 1

1.88 + 0.20(1.68-2.08)
n=2

0.61, n=1

0.71 = 0.65(0.06-1.36)
n=35

0.21 = 0.23(0-0.44)
n=3

0.10%(0.06-0.14)

0.28
"8
0.15 + 0.11(0.04-0.26)
n=2
0.10°(0.06-0.17)

0.14(0.14-0.42)

o+

0.27 = 0.14(0.13-0.41)
n=7

0.03, n=1

0.03, n=1

0.05 + 0.03(0.02-0.08)
n=a2

0.14%(0.08-6.25)

0.42 + 0.22(0.20-0.64)
n=4

A

3calculated concentration fn a 500-g sucker based on the concentration-size relationship in Fig.

"

13.

bCa]culated concentration in a 500-g sucker based on the concentration-size relationship in Fig. 14.

Ccalculated concentration in 200-g white crappie based on the concentration-size relationship in Fig. 15.
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Pogﬁ]ar Creek is utilized by sport fishermen, particularly in the

spring when spawning runs of adult white bass (Roccus chrysops) and

sauger (Stizostedion canadense) migrate up Poplar Creek. It was hoped

that a large sample of these two species could be collected in Poplar
Creek in order to determine and compare the mercury levels in migratory
species which probably remain in the area of high mercury contamination
for a relatively short period of time (< one month) with the levels in
resident sport species (e.g. largemouth bass, bluegill, white crappie).
Unfortunately, sampling in May 1976 was initiated after the spawning
runs of sauger and white bass were completed. As a result, only four
sauger and two white bass were col]ectea (see p. 34). Since some indi-
yiduals of these two species may be residents in the area of the Clinch
River and Poplar Creek that is contaminated with Hg, it is essential to
collect the samples when the spawning runs are occurring. The small
§amp1e size of sauger and white bass collected in May 1976 is unfor- -
tunately, inadequate to draw any conclusions about the levels of’z Hg
in migratory species that move into and through the area of mercury |

contamination.

Methylmercury in Fish

Results of methylmercury (MeHg) analysis for ten fish collected in
PC-C show that 94.8 + 10.7% of the £ Hg in muscle is in the methyl
form. The percent MeHg in the ten fish analyzed ranged from 65 FsPLjﬁﬁg
103%. Several published studies have reported that essentially ;1]
Hg in fish muscle is in the methyl form (inter alia, Westoo 1969,

Zitko et al. 1971, Hildebrand et al. 1976, Bishop and Neary 1974).

i
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Concentrations of T Hg in axial muscle of white bass
and sauger collected from Poplar Creek (PC-C) and the
Clinch River (CR-2) in May 1976.

Weight Z Hg Concentration
Site Species (g) (ng/g, fresh weight)
PC-C Sauger 219 0.30
pC-C Sauger 835 1.35
pC-C White bass 328 0.20
PC-C White bass 666 0.18
CR-2 Sauger 120 . 0.08
CR-2 Sauger 450 0.12

Bishop and Neary (1974) reported an average MeHg content of 88.9 * 7%
of total in 16 species of freshwater fish, with a range of 82 to 95%.
They also reported that the proportion of MeHg was independent of
fish size, length, or weight and that there were no significant dif-
ferences in the percent MeHg between species.

While all forms of mercury are toxic, methylmercury (MeHg) is

more toxic chronically than the other forms. Assuming fish contain

0.5 ppm Hg and all the mercury is in the methyl form, the FDA's proposed

action level permits a fish consumption rate for humans of 60 g/day
(i.e., daily consumption of 60 g of fish containing 0.5 ppm MeHg) (USDHEW
1974). The permitted level of intake of largemouth bass from Poplar

Creek (PC-C) which contain an average I Hg concentration of 0.73 ppm

would be 40 g/day.2 -
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Comparative Data on Mercury in Freshwater Fish

PR eSS TN Utk ot Py

Concentrations of mercury occurring naturally in tissues of fish
removed from any known source of mercury contamination have not been
well defined; published values range from 0.02 to 0.2 ppm (Harriss

1971, Wallace et al. 1971, Huckabee 1974). Huckabee (1974) reported

average I Hg concentrations in rainbow trout (Salmo gairdneri) and

brook trout (Salvelinus fontinalis) from streams in the Great Smoky

. Mountains Mational Park of 0.036 and 0.018 ppm, respectively. Com-

parative data on £ Hg in other species from several reservoirs in
the southeastern United States are shown in Table 5. In general,
reported data for Melton Hill Reservoir‘seem to support the findings
obtained in this study for MH, with I Hg concentrations in bluegill
and largemouth bass of < 0.1 ppm. Likewise, reported concentrations
in bluegill and largemouth bass from Pickwick Reservoir (0.40 and
0.64 ppm, respectively), which received significant inputs of mercury
from a chloralkali prior to 1921,3 are comparable to average values
in the same species from Poplar Creek (0.37 and 0.73 ppm). These
results suggest that in aquatic environments which receive little,
if any, anthropogenic inputs of mercury, concentrations in fish
muscle are < 0.1 ppm, while in contaminated environments, such as
Pickwick and Cherokee Reservoirs and Poplar Creek, I Hg concentra-

tions consistently exceed 0.1 ppm.

Mercury in Sediments

Concentrations of £ Hg in surface sediments collected from Poplar
Creek and the Clinch River from 1974-1976 are given in Table 6. There

is considerable variability (< 0.1 to 300 ppm I Hg) in the concentration
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Table 5. Mean concentrations (* 2 S.E.) of £ Hg in fish from
reservoirs in the southeastern United States

Site

Species

I Hg concentration
(ppm, fresh weight)

Norris Reservoir

Melton Hil1l (CRM-43)

Watts Bar (TRM 155)°

Watts Bar (TRM 579)P
Fort Loudon (TRM 618 and 634)P
Fontana Reservoir

Pickwick

Cherokee: 118¢
1482
172

118¢
1482
172

All species

Bluegill
Largemouth bass
Buffalo

Bluegill
Largemouth bass
White crappie

Carp
White crappie

Bluegill
Largemouth bass

Bluegill
Largemouth bass

Bluegill
Largemouth bass
Carp

Hog sucker
Spotted sucker
Sauger

Bluegill .
Bluegill
Bluegilil

Largemouth bass
Largemouth bass
Largemouth bass

< 0.05°%
<0.22
< 0.2a
< 0.2°%
< o.osz
< 0.057
< 0.05
< o.os:
< 0.05
< o.osg
< 0.05
< o.osg
< 0.05
0.40 + 0.
0.64 + 0.
0.58 + 0.
0.53 = 0.
0.23 + 0.
0.74 = 0.
0.32 + Q.
0.13 = 0.
0.15 = 0.
0.34 : 0.
0.11 + 0
0.19 + 0

8ource: Tennessee Valley Authority {TVA). 1972.
trations in fish flesh, May 1970-May 1972--Survey of TVA Reservoirs.
Division of Environmental Research and Development, Water Quality

Branch. (unpublished report).

bTRM = Tennessee River Mile.

34 pp.

Mercury concen-

River miles below chlor-alkali ptant on Horth Fork Holston River at

Saltville, Virginia.

dSource: Oak Ridge Hational Laboratory (ORNL).
Analysis of Trace Contaminants, Progress Report, October 1974-December

1975. ORNL/NSF-22, Oak Ridge, Tennessee. 200 pp.

1976. Ecology and

—~ OO 00O
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Table 6. Mean concentrations of L Hg in the < 297 u size fraction of surface sediments collected in
Poplar Creek above and below the confluence with EFPC and in the Clinch River. Unless
indicated otherwise, sample size (n) includes samples with concentrations < detection limit

of 0.1 ppm.
Site July, 1974 July, 1975 Hovember, 1975 July, 1976 November, 1976
’ PCH 0-1 20 (n=1)  8.6(< 0.1-20) {n=23) 5.7(2-10) n=3 2.0 n=3 8.0(2-20) n=3
) PCH 1-2 11.5(3-20) (n=2) 45.0(< 0.1-300) n=1s? 7.0(4-10) n=2 7.5(5-10) n=2 6.0(2-10) n=2
. - PCH 2-3 7.5(5-10) (n=2)  8.9(< 0.1-30) n=23 1.2(< 0.31-2)  n=4 7.8(1-10) n=4 45.2(0.5-125) n=3
PCH 3-4 ———————  4.6(< 0.1-20) n=14
PCH 4-5.2 20 (10-30) (n=2)  3.4(< 0.1-10) n=20 65.5(< 0.1-250) n=8 3.3(1-10) n=9 21.2(< 0.1-100) n»8
PLH 6-10 — all < 0.1 n=4
] X for PCH 0-5.2  14.0(3-30) n=7¢ 14.2(< 0.1-300) n=72°"C 26.9(< 0.1-250) n=11°  4.6(1-10) n=18°  21.3(< 0.1-125) a=14°
CPH 12.3-13.5 < 0.1 (n=1)  all < 0.1 n=5 < 0.1 nal < 0.1 =l .1 n=
CRY 11 20 n=i

€n includes only those samples with concentrations > detection limits.

21he calculated mean concentration for this section when the two samples containing 300 ppm are omittea is 5.8 ppm.

bThe calculated mean concentration for PCH 0-5.2 when the two samples containing 300 ppm are omitted is 6.3 ppm.
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of I Hg sediments collected from PCM O to PCM 5. Average I Hg concen-
tration for all sediment samples collected in this section of Poplar

Creek was 14.2 = 48.3 (n = 74). The maximum concentration of 300 ppm

was found in two samples collected between PCM 1 and PCM 2 in Quly 1975.

These two samples have a significant effect on the calculated average
concentration of £ Hg in Poplar Creek sediments as indicated by the
fact that the mean concentration and standard deviation are 6.3 = 5.6
ppm, respectively, when these values are omitted.4

The reason for the large variation in Hg concentrations in
this section of Poplar Creek bo%h within one sampling area and over
time is unknown but probably is due in part to the analytical method
used for analyzing the sediment samples. Emission mass spectrometry
(EMS) is an inherently imprecise method for mercury analysis. The
precision is probably reduced even more for solid sediment samples
because of the difficulty in obtaining a homogeneous sample matrix for
analysis with a relatively small quantity of sediment sample (v 80 mg)
(i.e., textural differences in samples submitted for I Hg analysis).
Several studies have shown that mercury in river and lake sediments
is associated predominantly with the smallest particle sizes which
have the highest specific surface areas (i.e., cmz/g sediment) and
also frequently the highest content of organic matter (Cranston and
Buckley 1972, Thomas 1972, Thomas and daquet 1976). Cranston and
Buckley (1972), for example, found that 99% of the mercury in sedi-
ments from the La Have River, Nova Scotia, was associated with sedi-
ment particles < 60 u in size. Coarser particles, which include the

sand-sized particles (62 - 2000 p), are usually inert with respect
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to mercury, and these can be considered diluents in sediment samples

(Thomas 1972). In comparative studies o# mercury in sediments, it
is thus necessary to assure that samples are texturally similar or
that the particle-size distribution of samples is known. Sediment
samples from Poplar Creek consisted of particles < 297 y and, thus,
may have contained a substantial amount of larger sediment particles
(fine to medium sand) which would be expected to contain little or
no mercury.

Concentrations of T Hg in all sediment samples collected in
the West Fork of Poplar Creek (PCM 10) were < 0.1 ppm, which would
seem to eliminate this stream as a source of the elevated levels
of £ Hg in sediments and fish in the lower section of Poplar Creek
(PCM 0 to PCM 5) and in the Clinch River below the mouth of Poplar
Creek.

Sediment data for other tributaries in the Poplar Creek Drainage
are limited. Only one sediment sample was collected in the East Fork
of Poplar Creek (EFPC) in 1975, and jt contained < 0.1 ppm of Hg.
Sediments collected from EFPC in previous years, however, show
elevated levels of mercury. In 1970, for example, mercury con-
centrations in sediments collected at three locations on EFPC

(200 yards below New Hope Pond, in the area of Wiltshire Estate,
and in the area of the Oak Ridge Country Club) ranged from 0.9
to 11.3 ppm, while sediments from New Hope Pond which drains
into Poplar Creek contained 63 ppm of Hg (Sanders 1970). The
analytical method and size fraction analyzed was not specified.

In 1974, Reece reported concentrations of I Hg in bulk surface
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sediments analyzed with AAS from five locations in EFPC, ranging
from 3 to 18 ppm (dry weight) (Reece 1974).

Reported concentrations of £ Hg in sediments from Bear Creek
are also highly variable. With the exception of a single sample con-
taining 6 ppm, I Hg concentrations in bulk sed1ments, analyzed by AAS,
collected from Bear Creek at five locations in 1974 were < 1 ppm,
while sediments from Grassy Creek, an uncontaminated control stream
located near Bear Creek, contained < 0.05 ppm £ Hg (Reece 1974).
Concentrations of T Hg in sediments collected from Bear Creek
in conjunction with another environmental sampling program (ERDA
1975a), however, ranged from < 0.2 to 152 ppm with a mean of
13.4 + 41.7 ppm {n = 13). Part of the variation in measured
£ Hg in sediments from Bear Creek and the East Fork of Poplar Creek
is due to the fact that bulk sediments were analyzed so all samples
were probably not of similar texture. There may also be substantial
spatial and temporal variation in I Hg associated with sediments in
these streams as a result of variation in discharge. In any case,
results for Bear Creek and the East Fork of Poplar Creek suggest that
both of these streams may contribute to the elevated levels of I Hg
in sediments and fish in Poplar Creek and the CTinch River.

The low (< 0.1 ppm) concentrations of I Hg in sediment samples

collected in the Clinch River above the mouth of Poplar Creek indicate

that the Poplar Creek drainage is the major contributor to the ele-
vated levels of Hg in sediments and fish below the mouth of Popular
Creek. Additional sampling and analysis of the < 53 u sediment frac-
tion in the Clinch River above the mouth of Popular Creek should

confirm this.
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Comparison of Mercury Concentrations in
Sediments from Freshwater Environments

The average concentration of I Hg in the continental crust
is estimated to be 0.08 ppm based on the assumption of equal
abundance of basaltic and granitic rocks exposed to weathering in
the continental crust (Taylor 1964), with reported concentrations
in sedimentary rocks higher than in igneous rocks by a factor of
2 to 3 (Rankama and Sahama 1950). Sediments downstream of ore
deposits or contaminated industrial discharges may contain from
0.2 to 200 ppm Hg (USGS 1970). Reported concentrations of I Hg
in sediments of most lakes, rivers, and reservoirs, however,

average < 1 ppm.(Table 7), although these data must be interpreted

\

with caution because of textural differences in the sediment samples.
Sediments from freshwater environments which are known to have re-
ceived significant anthropogenic inputs of Hg, such as Pickwick
Reservoir, North Fork of the Holston River below Saltville,

Virginia, and the western basin of Lake Erie associated with the

Detroit River, contain £ Hg concentrations that exceed 1 ppm (Table 7).

P— [ L] (- n._...--.—-—————-—n—v——-:—-————.

Comparison of data in Table 7 with sediment data from Poplar Creek
(Table 6), and the East Fork of Poplar Creek indicates that a sig-
nificant amount of mercury contamination has occurred in this

drainage.

Sources of Mercury in ‘the PC-CR Drainage

Whether the elevated concentrations of Hg in sediments are due
to recent releases from Oak Ridge-ERDA facilities at Y-12 and ORGDP
or are a result of previous releases which have been retained in

sediments of this drainage is unknown.
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Table 7. Mean mercury concentrations (£ 1 5.D.) in surface sediments of
freshwater environments, including southeastern reservoirs.
Values in parentheses are ranges.

Sediment fraction £ Hg concentration

Site analyzed (ug/g, dry weight)
Lake Superior Bulk sediment  0.083 * 0.056 (0.004- 0.584)3
Lake Michigan (southern part) Bulk sediment 0.146 = (0.030- 0.380)2
Lake Erie Bulk sediment 0.582 =+ 0.555 (0.008- 2.929)a
Lake Ontario Bulk cediment  0.651 + 0.507 (0.032- 2.100)°
Average for Great Lakes Bulk sediment 0.347 ¢+ (0.004- 9.500)a
Fort Loudon (TRMP 604-650) Not given 0.29 + 0.10 (< 0.05 - 0.38)¢

Watts Bar (TRM 555-579) Not given 0.18 + 0.01 (0.17 - 0.19)

Chickamauga (TRM 484-508) - Not given 1.83 + 1.91 (< 0.05 - 4.3 )c
Nickajack (TRM 426-459) Not given 0.37 + 0.27 (0.2} - 0.91)¢
Guntersville (TRM 351-424) Not given 0.68 + 0.61 (< 0.05 - 1.8 gc
Pickwick (TRM 208-259) Not given 7.82 +15.22 (< 0.05 - 73.0 ¢
Kentucky (TRM 24-203) Not given 0.73 + 0.5 (< 0.05 - ‘1.7 )¢

N. Fork Holston River
(above Saltville, VA) < 44um 0.13
N. Fork Holston River .
(2 to 82 miles below
chlor-alkali plant
at Saltville, VA) < 44 8.12
-- Cherokee Reservoir < 44 1.92

Poplar Creek, TN (PCHM 0-5) < 297

0.02 (0.1 - 0.18)¢

i+

1+ 1+

6.32 (2.
0.23 (

4.06 (<

—
E-3
+

West Fork of Poplar Creek, TN
(PCM10) < 297 A1l < 0.1

3ources: Thomas, R. L., and J. M. Jaquet. 1976. Mercury in the surficial sediments
of Lake Erie. J. Fish. Res. Board Can. 33:404-412; and Thomas, R. L. 1974.
The distribution and transport of mercury in the sediments of the Laurentian
Great Lakes system. pp. 1.1-1.16. In Proc., Int. Conf. on Transport of
Persistent Chemicals in Aquatic Ecosystems, Ottawa.

bTRM = Tennessee River Mile. l

Csource: Churchill, M., W. Fulkerson, P. A. Krenkel, and W. Sanders. 1971. A plan
for studying mercury deactivation in Pickwick Reservoir. (unpublished

report). 31 pp.

dSources: Hildebrand, S. G., A. W. Andren, and J. W. Huckabee. 1976. Distribution
and bjoaccumulation of mercury in biotic and abiotic compartments of a
contaminated river-reservoir system. pp. 211-232. In Andrew, R. W.,
P. V. Hodson, and D. E. Konasewich (eds.), Toxicity to Biota of Metal
Forms in Natural Waters, Proc., Workshop International Joint Commission
on the Great Lakes, Research Advisory Board; and Oak Ridge National
Laboratory (ORNL). 1976. Ecology and Analysis of Trace Contaminants,
Progress Report, October 1974-December 1975. ORNL/NSF/EATC-22. 0Oak
Ridge, Tennessee. 200 pp.

epcM = Poplar Creek Mile.

finis study, based on data for July 1975.
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It is highly probable that significant discharges of Hg were
occurring from New Hope Pond into the éast Fork of Poplar Creek prior
to the time in 1971 when Hg-contaminated sediments in the pond were
pumped to a holding basin on Chestnut Ridge. Because of the affinity
of Hg for organic ligands, it is likely that most.Bf the mercury dis-
charged from New Hope Pond was associated with suspended particulate
materials (i.e., algae). Concentrations of Hg associated with sus-
pended particulate matter in New Hope Pond are not measured in the
nonradiological monitoring program at Y-12, and monitoring data for
the New Hope Pond discharge.in 1971, 1972, and 1973 (UCCND 1972,
UCCHD 1973, UCCND 1974) do not {ndicéte elevated levels of dissolved
Hg in pond water. However, reported monitoring data for dissolved
Hg are based on water samples which were composited over a week,
filtered and then acidified with HNO5. In view of the known in-
stability of dissolved mercury in water samples, due to a combination
of bacterial uptake and adsorption onto container walls, high vol-

atility, sorption of Hg by filter material and formation of stable
complexes with other organic materials in suspension (Avotins and
Jenne 1975, Jenne and Avotins 1975), it is likely that reperted
concentrations of dissolved Hg (i.e., that Hg which passes through

a membrane filter with an ™ 0.4-u pore size) in the New Hope Pond
effluent (and in other water samples collected and processed in a
similar manner) are. in error on the low side. Thus, considering

the fact that total -Hg in the New Hope pond effluent is not monitored,

and measured concentrations of dissolved mercury in composite water

samples probably underestimate actual concentrations released during

| -ﬂ - - - -
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the sampling period, it is not possible to state with certainty that
elevated levels of Hg in sediments and fish in EFPC-PC are not due,
in part, to recent discharges from New Hope Pond.5

Another potential source of the elevated mercury levels in the
Poplar Creek-Clinch River drainage is the City of Oak Ridge's sewage
treatment plant located on the East Fork of Poplar Creek. Mercury
contamination of sediments collected near municipal sewage treatment
plants has been reported by several investigators (e.g., Cranston
and Buckley 1972, Oliver 1973, Van Loon 1974). The increased mercury
levels in sediments have been attributed to direct discharges of
mercury in the liquid effluents from these sewage treatment facili-
ties. In some cases, however, mercury contamination in aquatic sedi-

ments also has resulted from erosion and runoff of sewage sltudge

The fact that elevated Hg concentrations have been found in the
deeper strata of core samples from the East Fork of Poplar Creek above
and below the sewage treatment plant and from Poplar Creek (ERDA 1975a,
Reece 1974), indicates that sediments in this drainage contaminated
from previous releases of mercury have not been entirely scoured
and transported downstream. Studies in Sweden and the United States
have shown that mercury in contaminated lake sediments remains bio-
logically available to aquatic food chains 15 to 25 years after
emissions were stopped (Wallace et al. 1971, Jerneldv et al. 1975).
Estimates of the "eco]og1ca1 half-time" (i. e., the time required
for concentrations in aquatic food chains to decrease by one-half)

for Hg in contaminated Swedish lakes after all discharges were

which has been shown to contain elevated mercury levels (Van Loon 1974). I
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stopped have ranged from 10 to 100 years (Jernelov et al. 1975).

Biological half-lives for mercury in fish alone have been estimated

et al. 1976). It is possible, therefore, that the elevated levels of
Hg in sediments and fish in the East Fork of Poplar Creek, Poplar
Creek, and the Clinch River are a result of previous discharges which

l to range from 1 to 3 years (e.g., Burrows and Krenkel 1973, McKim

, have been retained in the sediments of these environs and which are
still biologically avai]ab]e to aquatic food chains.

It is clear that the EFPC and PC from PCM O upstream to the con-
fluence with EFPC are contaminated with mercury, based in comparisons
of mercury levels in sediments and fisﬁ from both control areas and from

reported concentrations in uncontaminated reservoirs and rivers in the

area. It is also apparent that mercury discharged into the PC drainage

has been transported into the Clinch River downstream of PC, although
the extent and distribution of the mercury contamination in the CR

l
|
|
|
|
n |
|
|
: | |
n |
are not known. The available data at the time indicates that signifi- I
cant Hg contamination of aquatic food chains, in terms of Hg levels
that equal or exceed the FDA's proposed 1imit of 0.5 ppm I Hg in edible l
portions of fish, is limited to largemouth bass in PC and in the CR
at the mouth of PC. Although the data are 1imited, elevated Hg concen- l
-
I
I
I
|

trations in fish from the East Fork of Poplar Creek, Poplar Creek,
and the Clinch River were measured in 1970 (Sanders 1970, Bolton and
Whitson 1971); the significance of the %bserved levels apparently was
not fully appreciated at that time. Monitoring of Hg levels in fish
or other bjota from these environs, unfortunately, was not done, SO

the trend in concentrations over the past six years cannot be determined.
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Recommendations
]

(1) Studies should be initiated to identify the source(s) and
speciation of mercury in the East Fork of Poplar Creek, Bear Creek,
Poplar Creek, and the Clinch River by determining the spatial distri-
bution of mercury associated with sediments of selected size fractions
and organic content in these environs. It is suggested that mercury

associated with surface sedimentis be mapped in detail in New Hope

Pond, the East Fork of Poplar Creek, Bear Creek, and Poplar Creek,

above and below the confluence with the East Fork of Poplar Creek,

and the Clinch River above and below the mouth of Poplar Creek.
(2) Additional sampling of aquatic food chains (i.e., benthic
invertebrates, fish) in the East Fork of Poplar Creek, Poplar Creek,

Bear Creek, and the Clinch River should be conducted in order to

for comparison with future monitoring data. Fish sampling should
be initiated in April in order to collect migrating species such as
sauger and white bass which 'spawn in the Poplar Creek drainage.
The sampling should be designed to collect all 1ife history stages
(i.e., eggs, fry, fingerlings, and adults of all age groups and
sexes) of the species of interest. Analysis for Hg content of
components of aquatic food chains in these contaminated environs and
in control (uncontaminated area%)shou]d be initiated as soon as
possible and conducted on a regular basis (e.g., minimum of annually).
(3) The Quality Control Program for environmental monitoring of
mercury (and other heavy metals) should be upgraded. Methods

of collection, preparation, and analysis of environmental samples

quantify the baseline levels of Hg contamination in biota in 1977 . I
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for Hg should be standardized so that data collected in the various .i
monitoring programs at X-10, Y-12, and K-25 are comparable. For
sediment samples, it is recommended that the procedure for sampling
surface sediments be carefully defined and standardized and the

< 63-p size fraction (i.e., sediment particles that pass through a
U.S. Standard 250-mesh sieve or a 230 Tyler Standard Sieve) be

analyzed. Total mercury in the two size fractions (i.e., > 63 and

< 63 p) and in bulk sediments should be analyzed in select samples
in order to check recoveries and to determine the distribution of
mercury as a function of particle size. Sediment samples should be
wet sieved (using filtered water from the site where the sample was

3
collected) as soon as possible after collection (and prior to freezing), l

dried at < 60°C, and quantitatively analyzed for Hg using flameless

cedure recommended by the Environmental Protection Agency (see
“Mercury in Sediments" on p. 134 of USEPA 1974) - Quality control
samples, iﬁcluding "h1ind" reference standards for water, sediments,
and biological materials, should be exchanged by all monitoring
laboratories on a regular basis.

(4) Procedures for monitoring mercury in liquid effluents and
surface waters should be modified so that both total and particulate

mercury are measured. Dissolved mercury can then be determined by the

difference. In addition, analysis shoﬁ]d be done on grab samples col-
lected under various fliow regimes rather than on composite samples
held over a week. Water samples should be collected in glass con-
tainers and acidified immediately after collection with concentrated

Ultrex nitric acid. Holding times prior to analysis for mercury

. AAS. The dissolution method of sediment samples should follow the pro-

Tt T, = - - . - - . - -
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samples should be kept to a minimum, preferably < 12 hr. For
particulate Hg, aliquots should be filtered immediately on collection

through a membrane filter (Huclepore membrane filters are recommended

because of their uniform pore size, low Hg background, and low sorption

of Hg by filter material) with a 0.4-u pore size before adding the
acid. For total Hg, the filtration is omitted, and the sample should
be collected directly in a pre- ac1d1f1ed baked glass volumetric con-
tainer.

(5) Because of the agricultural utilization of the East Fork of
Poplar Creek and its floodplain and the potential for deposition
for Hg-contaminated sediments on the f]oédp]ain during high dis-
charges, it is recommended that soils and vegetation along the East

Fork of Poplar Creek be sampled and analyzed for I Hg.
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Footnotes

]The FDA's proposed action level for mercury in fish and shellfish was

first established in 1969 and reaffirmed in 1974 after several reviews
of the proposed limit. The 0.5 1imit of £ Hg is based on the assump-
tions that all mercury in fish and shellfish is methylmercury (MeHg)
and the per capita consumption of fish is 60 g/day. Consuming this
amount of fish containing 0.5 ppm MeHg will result in a daily inges-
tion rate of 0.03 mg MeHg, a level which still maintains a 10-fold
margin of safety over the level of mercury intake known to be toxic

to humans. While the 0.5 ppm limit for I Hg in fish is still considered
a proposed action level, it is being applied and enforced by the FDA
as a compliance standard for fish and shellfish involved in interstate
commerce (Curtis Coker, FDA, Bureau of Foods, Division of Regulatory
Guidance, Washington, DC - personal communication). For fish not
involved in interstate commerce (such as commercial fish and fish
products which are caught, processed, and consumed within the same
state or sport fish), the agency has no legal jurisdiction to seek or
enforce compliance with the 0.5 ppm action level. In such cases, the
FDA can only work with agencies of the state governments responsibie
for food safety and water pollution control, encouraging them to take
counter measures necessary to protect the public health. According to
Curtis Coker from the FDA, some states feel the 0.5 ppm proposed action
level for Hg in fish and shelifish is too low and in certain cases,
have chosen not to take counter measures when this level was exceeded.
2A national survey of fish consumption patterns conducted by NOAA's

National Marine Fisheries Service in 1969-1970 (Finch 1973), showed

|
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that only 1.8% of the U.S. population consumed an average of more

than 60 g of fish and shellfish per day, and 1% of the participants
surveyed consumed an average of 77 g per day. The average per capita
consumption of fish and shellfish in the U.S. iﬁ 1969-1970 was esti-
mated to be approximately 5 g/day. In 1975, the average per capita
consumption of fish in the U.S. was estimated to be in excess of

7300 g/year (or equivalent to 20 g/day), 22% of which was conserva-
tively estimated to come from sport fishing (Stroud 1977).
3Since May 1970, TVA systematically sampled fish from Pickwick Reservoir
as well as from several other reserveoirs and rivers in the TVA systen.
Contamination above the 0.5 ppm proposed action level Qas found only

in the North Fork of the Holston River, in Pickwick Reservoir, and in

\

\

Kentucky Lake, the reservoir immediately downstreah from Pickwick.
Average £ Hg concentrations in fish in both reservoirs were found to
exhibit a marked seasonal fluctuation with maximum concentrations in
the summer and minimum concentrations in the fall’and winter (Simpson
et al. 1974). The decision to close Pickwick Reservoir to commercial
fishing and to warn sport fishermen of the Hg-contaﬁinated fish was
made on the basis of the high £ Hg levels obtained during the summer of

1970. However, fish sampling in Kentucky Lake was begun during late

fall and early winter, near the seasonal minimum, as a result of which
the lake was not closed. The Tennessee River area of Kentucky below

Kentucky Dam was c]osed.to commercial fishing in 1971 because of Hg

contamination (Simpson et al. 1974). The public was also warned of the

mercury contamination in fish from the Horth Fork of the Holston River

below Saltville, Virginia (ﬁal]ace et al. 1971).
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4Reana]ysis of the two samples containing 300 ppm I Hg has confirmed
£ the high values (Mike Mitchell, ORGDP, pérsonal communication).
Although the source of the mercury in these extraordinarily high
concentrations is unknown, detailed mapping of Hg in sediments might

help in defining the source.
5Since the upper portion of EFPC (i.e., the section from immediately
below New Hope Pond to where EFPC crosses Gamble Valley Road) is a
shallow turbulent stream, one would expect the fine-grained sediments
(silt, clay) contaminated from historic releases of Hg from New Hope
Pond to have been scoured out of this section and transported down-
stream. If this were the case and if there were no recent Hg
discharges from New Hope Pond, one would also expect the recently
deposited surface sediments in this upper portion of EFPC to contain
Hg concentrations similar to those in uncontaminated streams in this
area. Detailed sampling of recent fine-grained surface sediments in

this portion of EFPC should confirm whether there have been recent

discharges of Hg from New Hope Pond. Sediment samples should be
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collected by locating areas of "recent" deposition of fine-grained

sediment (silt, clay). These areas are usually behind anchored:
debris and in slow-moving pools and back water areas. The top
1-2 cm layer of sediment should be scraped off and placed in a

sample container. If analysis is delayed, samples should be frozen.
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" Since freezing will change the texture of sediments, samples should

be sonified to disperse aggregates. Biasing field collections to sample
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only fine-grained sediments is one approach to achieving textural
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uniformity of sediment samples. This can be determined by feeling the
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sediments to see if there are coarse (sand size or larger) particulates
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in the samples. If the sediment samples are not of a uniform, fine-
grained texture, mechanical sieving through a 63 p mesh opening will

be necessary.
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INTERNAL CORRESPONDENCE

NUCLEAR DIVISION POST OFFICE BOX Y. 0AK RIDGE, TENNESSEE é

fo (Name) C. R. Richmond pse  April 13, 1977
Division . .

tocation | ' ' Ovgimiing bup. \ / HC) _ 0.{ 3

Answering lstter date

Copy 1o %. Elwood J. C. White Subject
E. M. King J. F. Wing .
M. Sanders File -~ NoRC
S. 8. Stief .

The report transmitted with your letter of March 22, 1977, has been

reviewed. Comments and suggestions were given to Jerry Elwood yester-

day. I believe we covered all the comments of Messrs. Abee, Sanders,
~ Stief, White, and myself. I asked Jim White to review the report
since we are dependent upon the analytical work of his people for more
accurately quantifying the problem. :

Jerry Elwood is to be complimented for the thorough amnalysis of avail-
able data and a well written report! We are, already taking action to
implement his recommendations. . . '

It would be appreciated if you would limit the distribution of the
report to those to whom you sent draft eopies, to ERDA's contract:.
administrators (Lenhard, Hickman, Fletcher), to Plant and Laboratory
Managers (Case, Postma, Winkel) and to those in your organization who
have responsibilities for the work.

D S S

R. G. Jordandn

RGJ:cm

APPROVED FOR PUBLIC RELEASE

~%/ AL

Téchnical Information Office Date
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Subject: Comments on Report on Mercury Contamination in Poplar Creek
and Clinch River.

General Comment

The report is very well written and is a thorough analysis of the available
information; however, several parts of the report could be changed to make
the document more acceptable from a public relations point of view'without

compromising the analysis or detracting from the problem.

Specific Comments

Abstract - should read ... proposed FDA action guide. Action guide never

finalized. Same wording should be used at other places in the report.

Page 3 - Sediment samples are analyzed using a Jarrell-Ash Emission Mass
Spectrograph rather than a Jarrell~-Ash Spark—Source Mass Spec—
tograph.

Page 18 - the last sentence in the first paragraph concerning inaﬁility

to discriminate concentration differences at "low Hg levels™
is meaningless without quantification of the term "low Hg levels.™

Page 37 — Emission mass spectrometry rather than Spark—source mass spec-

. tometry.

Page 41 - Suggest paragraph 2 and paragraph 4 be combined into the following
wording and most of page 42 be omitted! :

‘whether the elevated concentrations of Hg in sediments are due
to recent releases from Oak Ridge-ERDA facilities at Y-12 and
ORGDP or are the result of previous releases which have been
retained in sediments of this drainage 13 not known with absolute
certainty. However, liquid effluent and stream monitoring data
at Y-12 and ORGDP since 1971 indicate a high probability that the
major cause of elevated concentrations of Hg in the sediments wag

discharges which occurred prior to 1971.




Ay

"-l

Page 43 -

Page 44 -

.

Suggest that the sentence near the bottom of the page, beginning..
"although the data are limited, elevated Hg concentrations..,"
be omitted. This does not add significantly to the report and

airing errors of omission does not change the current situation.

Recomﬁendation 3 - Though the analyticai methods may not have been
sfandardized, a quality control pProgram has been in effect at the
laboratories for a number of years. Thus, the recommendation that
a Quality Control Program be éstablished is not appropriate. The

recommendation on standardization of techniques is valid and has

currently been effected.
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X/[HG-01(29

wUCLEAR DIVISION POST OFFICE BOX Y, OAK RIDGE, TENNESSEE 37830
To (Name) R. G. Jordan Date april 4, 1977

Division .

Location Building 9704-2 : Originating Dept.

Answering loflor date ™ °

Copy 10 File - NORC Subjact Report on Mercury Contamination
. in Poplar Creek and the Clinch
©  Rdiver .. .o

AT

I have reviewed the subject report and offer Lhe followzng comments for youxr
consideration. The report is very thorough and analytical,”and technically
well done. It is written in the customary sti Jle expected in scientific jour-
nals.. Consequently, the abstract stands out ‘as not be:.ng wrltten for the
technical reader but for the layman. The flrst sentence .1s too positive,
although I suspect the sentence is accurate. - SJ.nce an abstract gets read
and remembered far more than the report J.t elf, I woul. d strongly recommend
it be rewr.z.tten, especially if the report ‘s to recez.ve ‘wide' exposure.

‘>

&

There are some inaccuracies that need correct:.on: On page 3, -the statement
is made that a Spark-Source Mass Spectrograph was used by K-25 to analyze
the samples for Hg. Actually, an em:Lss.z.on spectrograph was used, an entirely
different class of instrument. I have asked Roy Morrow to review these
references and.see that proper revisions are made. Incidentally, we should
use the flameless atomic absorbance method for all samples, and this will be
".done in the future so that similar methodology is maintained throughout. the
" four plants. On’ page 18, the last sentence in the first paragraph ‘concerning
inability to discriminate concentration differences at "low Hg levels" is
meaningless without quantification of the term "low Hg' 1evels __/ ‘
Recommendation 3 is not entirely factual. Y-12 does have a qualltg control
program which has been in existence for several years. We will soon have in
operation a QC program for environmental samples that will include all four
plants. We will also standardize sampling procedures so tbat interplant

< oy

comparisons are meaningful. ) , I A

T think it is extremely important that we convey to the outside world what
our present program is.. I think this update should be incorporated in the
report. I will be available to discuss these points with you, at your con-

venience.
<

APPROVED FOR PUBLIC RELEASE

D Lz . c. white
JCH : Jlﬂf%_/ %L’ﬁi
ate

Technical Information Office




ho . 8/77
® Yok 4/18/

(?r . <OVED FCHK‘PIHNDN:‘RIHJBA&HE - _

NoTES ON MEETING IN R. G. JORDAN'S OFFICE
Yy ON APRIL 12, 1977, 9 AM

Techaical Information Officd Date-

Attendees: R. G, Jordan, H. H. Abee, and J. W. Elwood

Suﬁjectc Comments on the Report on Mercury Contamination in Poplar
Creek and the Clinch River o

Bob Jordan is concerned about the public relations impact of the
report. He indicated that both the legal staff and publlc relations
'staff of Union Carbide's Nuclear Division had reviewed the report; their
comments are incorporated in the comments from Y-12 and K-25. Copies of
all comments received to date are attached.i |
(: I Jordan and others have suggested some changes in the report to
lessen the public relatlons impact in case the report does become public -
information. He wants the distribution of the final report to be limited
in order to lessen the likelihood of a CO[.J}'. belng released to the.pu'olic. ‘
Jordan expressed some concern about the final rebort being distributed
- : to Laboratory Management and ERDA Headquarter because of the potentially
large number of people who vould have accees to it. I indicated that he.
should discuss the distribution list of the f£final report with Chet Richmond.
The only comment on the report of Jordan's and others' causing me .
some problem is the suggested change for pages 41-42, concernlng the
question of whether the elevated mercury levels in Poplar Creek are ‘a
resnlt of historic releases or due to recent releases from ERDA facili-
ties at Y-12 and K-25, Harold Abee showed me a handwritten'copy of some

~ data on total Hg concentrations in water (i.e., dissolved plus particu-

late Hg) at the mouth of Poplar Creek for the period 1972-1975 which I



had not seen befofe. With the exception of 1975, maximum and average
concentrations were less than 0.001 mg Hg/liter. Abee suggests that
since total Hg cchcentraﬁibns at the mouth of Poplar Creek and dissolved
ﬁg leveis at thexodtlecrof New Hope Pond (Total Hg at the Newaope out-
let is not determined Sfare comparable during the'1952-1975 ﬁeciod. Hg

releases from ERDA facilitiee at Y-12 and Kﬁ25 could not have been oc~

'curring during this period. Before I make any changes I want to verify

this for myself by finding out when, where, and how the samples were
colleeted, processed and analyzed and how many samples were collected

during this period If poss;ble, I would like to see the raw data.

JWE: jmd

Attachment T
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UNITED STATES )
ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION

OAK RIDGE OPERATIONS
P.0.BOX E anenc
OAK RIDGE, TENNESSEE 37830 TEL e eha a1

April 22, 1977

Union Carbide Corporation . . \{/ HG"O\ (O

Nuclear Division

ATTN: Mr. Jerry Elwood, Bldg. 2001
Oak Ridge National Laboratory

Post Office Box X

Oak Ridge, Tennessee 37830

Gentlemen:
REPORT ON CONTAMINATION IN POPLAR CREEK AND THE CLINCH RIVER

In response to C. R. Richmond's March 22, 1977 subject letter, I

have reviewed the report and think that overall it does a good job

of describing the current status. Implementation of the recommenda-
- tions will assist us in determining a future course of action.

I believe steps have already been taken to follow up on some of

the recommendations. -

Since there are still many unanswered questions, including the level
( of threat, if any, to the public health and safety, I believe your
current report should be considered as an interim status report.
In addition, since the situation is quite sensitive from a public
information standpoint, it is requested your report remain "Business
Confidential" with the distribution not to exceed- those on the list
provided you at our December 20, 1976 meeting. I do not believe it is
sufficiently understood at this time to warrant release of the informa-
tion. Hopefully, the efforts now underway will lead us to that point.

Additional comments are enclosed.

Sincerely,

-/7//’
7,
i J Y Ay,
J. F. Wing,1ﬁ§i§?l

Environmental Protéction Branch
OSE:JFW Safety & Environmental Control Division

See Page 2 for enclosure and distribution

4,3\.U TiCs,

<.~ "% |APPROVED FOR PUBLIC RELEASE
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?75+*> | Technical Information Office ~Date
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Union Carbide Corporation

Enclosure:

Comments on 3/22/77 memo, CRR to
Distribution .

cec
R.
E.
M.
S.

w/encl:

G. Jordan, UCCND-Y-12
M. King, UCCND-ORNL
Sanders, UCCND-Y-12
S. Stief, UCCND-ORGDP

April 22, 1977




" COMMENTS ON MEMO,

Y[HG-0120/ |

C. R. RICHMOND TO DISTRIBUTION, DATED MARCH 22, 1977

SUBJECT: REPORT ON MERCURY CONTAMINATION IN POPLAR CREEK AND CLINCH RIVER

\\vTo my knowledge, the ¥DA has no action level for Hg in fish at this
time. The 0.5 ppm level was proposed in the Federal Register, Vol. 39,
No. 236, Friday, December 6, 1974, but has not been adopted.

Data for fish and sediment collected in Poplar Creek above the con~
fluence of East Fork would be useful for comparison purposes.

A table listing-species, length, and weight for each fish collected and
the location would be helpful.

\\VPage 19, paragraph 2, Figure 4, of the report states "...only the
larger bluegill collected in PC-C exceeded the FDA limit of 0.5 ppm
(Fig. 4)." From Figure 4 it appears about as many of the larger

bluegill were below 0.5 ppm as exceeded it.

Page 26 ~ line 6. Are there plams to evaluate the question of passing

the Hg contamination to the progeny? The work of McKim et al may mnot
be directly applicable since we have no reason as yet to believe the
Hg is in the water - only the sediment.

Page 33. In discussing the proposed FDA action level, it would be
appropriate to expand that portion to include the safety factors built
into the 0.5 ppm., i.e., the FDA uses the assumption that the average -
daily intake of fish and shellfish is 60 g/day which they say is
actually much less in the U. S. (page 42739 of cited FR), and to
include the essence of, "The Commissioner notes that a person would
have to consume every day the extraordinarily high amount of 600 grams
of fish and/or shellfish contaminated at the full 0.5 ppm level to
reach the blood levels where symptons have been known to occur. Taus,
some margin of safety is still provided for even the largest consumers

of these foods."

What the report states is true but seems to imply

a situation more dire than is probably the real case. Something
closer to 20 g/day is a more realistic intake figure.

Page 34 - Table 5. Inclusion of data for Kentucky and possibly one

or two other lakes listed in reference a. should also be shown since
it lists Hg concentrations in fish equalling or exceeding those for
Poplar Creek, and there was no plan (to our knowledge) to restrict
fishing or alert the public using those lakes. This might also be
reflected in the text (mid-page 35).

Page 35 - Mercury in Sediments. When the two data points of 300 Ppm

are removed, there is very little variability. I agree that these
data really do not shed much light on the question. Are there any
plans to develop more suitable sediment data utilizing more refined
sampling and analytical methods? 1In addition, I failed to find the
number of PCM 10 sediment samples being discussed (Page 36 - Table 6
and bottom of page 37).

Eunclosure

APPROVED FOR PUBLIC RELEASE

Technical Information Office Daté
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Page 39. You are correct concerning the lack of similar texture
concerning Bear Creek sediment samples. We still have the left-over
portions and they vary from fine silt to gravel.

Pages 41-42. The portion beginning with the last Paragraph on page 41
and continuing through most of page 42 seems more detailed than necessary.

Page 43 -~ last seveh lines. Althlough true, this is hindsight which
will not help the current situation. Alteration of this section would
negate use of reference 5 on page 47 and reference 3 on page 50.

Page 44 - Récommendation No. 3. UCC-ND has had a quality control
Program for environmental monitoring in operation for the past year
or so.

Page 48. References 3 and 4 should not be cited in any publication
since they will never be published. To cite them only in this document
is probably acceptable since it is not intended for "outside" release.

OSE;JFW/vi
4/13/77

R e T



%\ OAK RIDGE NATIONAL LABORATOR

vMay 24, 1977

Y/4G-0132
Yo: S. I. Auerbach ’
From: J. W. Elwood

Subject: Revised Report on “Mercuny'éontémination in Poplar Creek
and the Clinch River" - . ‘

Attached for your review is a copy of the revised report on mercury
contamination in the Poplar Creek-Clinch River drainage. Also at-
tached are copies of comments on the report from reviewers at X-10,
Y-12, K-25, and ORO. I have responded to some of the comments either
$n the text or in footnotes; some of the comments and suggested
changes were ignored. I have made every effort to keep a balance

{n the report, not making the problem look dire but,“at the same time,
not minimizing the fact that there is a significant amount of mercury
contamination in these streams, most of which probably came from

Oak Ridge-ERDA facilities at Y-12 and K-25. ”Perhaps the most sig-
nificant findings of the study are the inadequacies of the environ-
mental safety and surveillance programs at K-25 and Y-12.

JUE: jmd

Enclosures 4

APPROVED FOR PUBLIC RELEASE

Technical Infom;ation Office gate
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pJySINESS CONFIDENTIAL

INTERNAL CORRESPONDENCE

M3
;CLEAR DIVISION POST OFFICE BOX X, OAK RIDGE, TENNESSEE 37830
1o (Name)  Distribution. Date June 13, 1977
Division
Lnlcah'on Originating Dept. C. R. RiChmond
Answering letter date \(/H’C—l - Ooq l/l

Copy to H. D. Fletcher, ERDA-ORO Subject Mercury contamina-

H. D. Hickman, ERDA-ORO tion in Poplar

J. A. Lenhard, ERDA-ORO Creek and Clinch

J. F. Wing, ERDA-ORO River sediments

Under separate cover you will soon receive a copy of a report entitled
"Mercury Contamination in Poplar Creek and the Clinch River"
(ORNL/CF-77/320). This report, prepared by J. W. Elwood of the
Environmental Sciences Division at ORNL, contains an analysis of the
data on mercury in fish and sediments in thc East Fork of Poplar
Creek, Bear Creek, Poplar Creek, and the Clinch River. Some fish
and/or sediment samples from all of these walers were found to contain
mercury levels in excess of the background concentrations in streams
and reservoirs in this area. The literature on mercury in aquatic
environments was reviewed in order to provide you with some perspec-
tive on the extent of mercury contamination in these environs.

During the review of existing data, some problems with the procedures
used for the analysis and monitoring of mercury at Y-12 and ORGDP were
found. Accordingly, recommendations have been made in the report to
modify these procedures. Recommendations have also been made to
initiate studies to identify the source(s) of mercury contamination
and to better define the extent of the contamination in fish and
sediments downstream of ERDA facilities at Y-12 and ORGDP. It is my
understanding that some of the recommendations in the report have
already been implemented.

The report shows that some fish in Poplar Creek and in the Clinch
River at the mouth of Poplar Creek contain mercury concentrations in
excess of the proposed action level for mercury established by the

APPROVED FOR PUBLIC RELEASE

Y.,

Technical Information Officer Date

YA



Distribution 2 June 7, 1977

U.S. Food and Drug Administration. Since these are public waters
which are accessible to and utilized by sport fishermen,. it is impor-
tant that the sources and extent of this mercury contamination be
defined so that, if necessary, appropriate counter measures can be

taken.
CR RS
C. R. Richmond
CRR:JIUWE: Twl
Enclosure

Distribution: . Auerbach, UCCND, X-10
Case, UCCND, Y-12
Elwood, UCCND, X-10
Jordon, UCCMND, Y-12

. King, UCCND, X-10
Postma, UCCND, X-10

. Sanders, UCCND, Y-12

S. S. Stief, UCCND, ORGDP
R. A. Winkel, UCCND, ORGDP

LML WL
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VR . : March 22, 1977

Y/HG-0122

C. R. Richnpnd, A_sociai:e/?ctor'of Biomedical and Environ-
, - T - ’

.u,' - -~

BUSINESS CONFIDENTIAL Report on Mercury Contam:matlon -in— the
Poplar Creek—Clinch River D..ainage‘ o .

Attached for your rev:l.ew “and d:.strlbut:.on to individuals respons:t.ble for
‘environmental safety and monitoring at the Oak Ridge~ERDA facilities are
six copies of the BUSII\ESS CONFIDENTIAL report prepared by Jerry W. Elwood
L of the Environmental Sciences Division conceraning mercury contamination

= . in Poplar Creek~Clincha Rnre:.;t draina age. The report contains an analysis

. of the data on mercu"v_ -nw.u.s‘x én¥l sediments collected in the drainzge in
~=t 1976, and suz::mar:.zes the}ﬂ evellaole data on mercury in streams and reser-
.. voirs in this area.. The Tl:l.terature on mercury in aquatic environments was
7" also reviewed in m:de::r t:o provid}e readers with some perspective on the ex—-
Lent of mercury contam:i‘;nat:.on in Ehese env:.rons. Several recommendations
are made for stucg.&eg kt“ "1dent1f};, £hHe .,ource of the mercury, to determine

<’ 7. the extent of the .con aq_:;i.nation?‘” }and to determine the current mercury

d:.scharges to surfad (?’waters from Oak R:Ldge-IZRDA facllit:.es.

LAt L, 'qt, z}’ Vi, T
% Alseattachéd for your”approval and .;'T.gnature is the draft of a cover

N memorandum which' you ':Eequested ‘be prepared for distribution with the report.
>, The dlstribution list on the cover memorandum was suggested by J. F. Wing,
ORO-ERDA., The BUSINESS CONFIDIINTIA‘[. category was used, also at J. F. Wlng s

e suggestion- to lmn.t distribut:.on oI:' rhe raport. .

L . {1"

+
g L vk S0 ol 4,

:..": TIt is my underEtendlng that when‘comments on the report have beemn received,
.- a final BUSINESS CONFIDENTIAL report is to be prepared in the Environmental
Sciences Division and distributed by you to the following individuals as

T well as to Laboratory Management.

. T R e
doL et i'J Shora A

. T 8. I. Auerbach - ESD,’ ORNL ~ .. +

oL H. D. Fletcher ~ ERDA-ORO, Uranium Enrichment Operations Division
=, H. D. Hickman - ERDA-ORO, Manufacturing Division
PR R.-G. Jordon - UCCND; Y-12 °

. E. M. King - UCCND, X-10.

J. A. Lenhard ~ ERDA-ORO, Research and Technical Support Division
J. L. Liverman ~ ERDA Headquarters, DBER, Washington, D. C.

M. Sanders - UCCND, Y-12

S. S. Stief -~ UCCND, ORGDP

J. F. Wing - ERDA-ORO, Safety and Environmental Control Division
J. W. Elwood - ESD, ORNL

STA:jnd ~ APPROVED FOR PUBLIC RELEASE

Enclosures 7 . ' 2‘ i
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a0 . | | , 1 Technical Information Office
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chhmcal Information Office % te T -
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Date:
Subject:
To:

From:

. March 22, 1977 T

jsﬁn-gr?

Mercury Contanination in Pop]ar Creek and the CTlncn R1ver '

C. R. Richmond, Assoc1ate D1rector for B1omed1ca] and
Environnnntal Sciences, 0ak Ridge ﬂationa] Laboratory .

J. W. Elwood, Env1ronm°nta1 Sc1encLs Dlvzszon Oak Rxdga
Nat1ona1 Laboratory - i v . DS

Abqtract

- - - - -~ . l"."-sa‘
- e - PR : o : 'Y Yy
(12 2387 37N 2 --., (&Y Litel . Ameur s cv..ll-'ln

(PC), and the Clinch River (CR) be]ow the mouth of Poplar

‘Creek are contaminated with mercury. Concentrat1ons of

total mercury (T Hg) in muscle of all largemouth bass
co]lectéd in Poplar Creek in 1976 exceeded the FDA action
level for Hg in fish of 0.5 ppm, and 95% of the I Hg in
these fish was in the methyl form. The permitted level of
intake by humans of Targemouth bass from Poplar Creek con-
taining an average I Hg concentration of 0.73 ppm, is
calculated to be 40 g/day, based on the FDA recommended
maximum intake level of methyimercury. Largemouth bass
weighing more than 200 g collected from the Clinch River
at the mouth of Poplar Creek also contained T Hg concentra-
tions in excess of the FDA limit and data for this species -
indicate that £ Hg levels in the Clinch River are elevated
7 miles below the mouth of Poplar Creek relative to concen-
trations in largemouth bass from Melton Hill Reservoir.
Sediment data show that Bear Creek and East Fork of Poplar
Creek are potential sources of the elevated Hg concentra-
ticns in Poplar Creek and the Clinch River. Recommendations
are given for further defining the sources of Hg contamina-
tion in these streams and for examining the mechanisms and

rates of Hg trensport in the Poplar Creek-Clinch River system.
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( ~ NUCLEAR DIVISION

Kore “POSTCFPICE"BOX X, OAK RIDGE, TENNESSEE 37830
Pleass Handle
) ) .. Raspaasible
. -To (Name) Distribution ' B Date B March 22, 1977
Division : . ) L -
+ lecation . L. Qriginaling Dspt. .
L - Y{16-0127
CIVED E5D- ’ . . . " Answering lstier date . .
" Copy to J. F. Wing, ERDA, ORO ' . . ‘ Subject 13 '
Wwa 77 32 16 L, o . Report on Mercury

. : - . Contamination in Poplar.
s : . Creek and Clinch River

"In accordance witﬁwarrangements made at a meeting in R. G. Jordan's
office at Y-12 on December 20 1976, the attached BUSINESS CONFIDENTIAL
Creek-Clinch River draiﬁage is being distributed to you for review and
comment .- This repcrt contains an analysis of the data on mercury in fish
. and "sediments’ collected in this drainage in 1976 and summarizes the avail-
 able 1nformation on.mercury in.streams and reservoirs in this area. In
(: . ‘ addition, the. literature on mercury in aquatic environments is reviewed in
order to provide‘you with ‘some perspective on the extent of mercury con-
tamination’ 1n the‘Poplar Creek drainage. While the source(s) of the
elevated mercuryklevels in fish and sediments observed in portions of the
drainage could’ nob be defined from available informaoion, the data suggest
several’ potential sources. Recommendations are made in the report for
specific studies to identiiy the source(s) of mercury contamination as
well as to define the extent of the environmental contamination downstream
from ERDA facilitles at K-25 and Y-12, Recommendations also are made to
modify some of the 1iquid effluent monitoring practices at these facilities
in order to more accurately quantify mercury discharges to surface waters.
After you have reviewed this report, please transmit your written
corments by April 8, 1977, to Jerry Elwood, ORNL, Building 2001, X-10,
telephone extension 3—]410. 4 final report will then be prepared and .

distributed to you.

C. R Richmond

Enclosure

Distribution: R. G. Jordan, UCCHD, Y-12 -
E. M. King, UCCHD, X-10 APPROVED FOR PUBLIC RELEASE
~ M. Sanders, UCCHiD, Y-12

S. S. Stief, UCCND, ORGDP _%/ 4 /5
Technical Information Officz "Date

be: S.!. Auerbach
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SEP-18-95 MON 16:39 BEHAVIORAL & COM HEALTH

FAX NO. 619 594 2998

P. 02

e\spsswin\sethitemp.sav
id nutat1 nutat2 nutat3 nutat4 nutats stratl strat2
1 20601.00 .00 .00 .00 .00 .00 .00 1.00
2 208603.00 .00 .00 .00 .00 .00 .00 1.00
3 20604.00 00 Kol4) .00 .00 .00 1.00 00
4 20605.00 .00 .00 .00 .00 00 .00 1.00
5 20608.00 .00 00 .00 £00 .00 00 .00
6 20609.00 .00 00 .00 .00 .00 .00 1.00
7| 20610.00 .00 .00 .00 .00 .00 1.00 1.00
8 20612.00 .00 .00 00 .00 .00 .00 .00
9 20613.00 .00 00 .00 .00 .00 1.00 .00
10 20616.00 Q0 .00 .00 .00 .00 LOOI .00
11 20619.00 .00 .00 00 .00 00 1.00 1.00
12 20622.00 .00 .00 .00 00 .00 1.00 1.00
13 20623.00 .00 .00 .00 .00 .00 1.00 1.00
14 20624.00 .00 .00 .ao .00 .00 .00 .00
15 20625.00 .00 .00 .00 .00 .00 .00 1.00
16 20626.00 .ao .00 .00 .00 .00 1.00 1.00
17 20627.00 .00 .00 .00 .00 . .00 1.00 .00
18 20628.00 .00 00 .00 .00 .00 1.00 1.00
19 20630.00 .00 .00 .00 .00 .00 1.00 1.00
20 20632.00 .00 .00 .00 .00 .00 1.00 .00
21 20633.00 .00 .00 .00 .00 00 .00 .00
22 20634.00 .00 00 .00 .00 .db .00 ' .00
23 20635.00 .00 .00 .00 .00 .60 .00. .00
24 20637.00 .00 00 .00 00 .00 1.00 1.00
25 20838.00 .00 .00 .00 .00 00 1.00 '{66—
26 20639.00 .00 .00 .00 .00 .00 1.00 .00
27 20641.00 .00 .00 .00 .00 .00 1.00 ) 1.00
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SEP-18-95 MON 16:39 BEHAVIORAL & COM HEALTH

FAX NO. 619 594 2898

c:\spsswin\seth\ternp.sav

strat3 strat4 strats
1 1.00 .00 .00
2 1.00 00 1.00
3 .00 .00 00
4 1.00 00 1.00
5 .00 1.00 .00
6 .00 1.00 .00 ’
7 1.00 1.00 1.00
8 1.00 .00 1.00
9 .00 .00 .00
10 1.00 .00 1.00
11 1.00 00 1.00
12 .00 .00 1.00
13 1.00 .00 1.00
14 1.00 .00 1.00
156 .00 .00 00
16 .00 .00 00
17 1.00 1.00 1.00
18 1.00 1.00 1.00
19 1.00 1.00 1.00
20 1.00 .00 .00
21 1.00 1.00 1.00
22 .00 .00 .00
23 .00 00 .00
24 00 1.00 .00
25 1.00 1.00 1.00
26 1.00 1.00 1.00
27 1.00 1.00 1.00
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